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Statistics,
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Matrix
Covariance Training

Sample
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File Formats:
Raster, Combined,
Non-native

TableDatabase

Vector

Element

2D, 2.5D Visual
representation

2D Element
Cartography
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Visual
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texture,
thickness

Network
Layer
(Allocation,
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Stop....)
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Data
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1 : 1 Relationship

1 : N Relationship

N : M Relationship
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MAKER

Chrysler

Ford

GM

Saab

Volvo

Toyota

Honda

Mazda

Japanese car

European  car

American  car

TYPE

Pickup Trucks
Compact

Large

Small

Medium

Large

Luxury

Sedan

DEALER

Used Car

New Car

Combination

(c) The DEALER hierarchy (b) The TYPE hierarchy (a) The MAKER hierarchy
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A2
A3

L2A-R2
L2A-R3

Region
Name

Political Boundary Delegates

A1L2A-R1 13
16
21

Region
Name GPP LPP Boundary Delegates

Election-L3

ALL ALLALL 50ALL

D
D
D
R
R
R
D
D

Base-table = Election-Base

Data cube dimension GPP,LPP

LPP

NONE

GPP,LPP

Color = red,

No-of-map-per-cuboid = 1

Symbol = Boundary : Delegates,

From     Election-Base

Geometric-Union-By-Continuous-Polygon(Boundary) as Boundary 

Group by CUBE  GPP,LPP Reclassify by GPP,LPP

Select    GPP, LPP, Sum(Delegates) as Delegates, Base-map = Election-Base-Map 

GPP, LPP

GPP LPP

NONE

D
R

Party

D

Region
Name

Election-L2-B

L2B-R1
L2B-R2
L2B-R3

Legislator

B1
B2
B3

(LPP)

Political Boundary

24
10

16

D
R

Governor

Party Party
(GPP) (LPP)

Legislator

D
D
R
D
R
D

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8

Region
Name

L1-R1
L1-R2
L1-R3
L1-R4
L1-R5
L1-R6
L1-R7
L1-R8

Political Political Boundary Delegates

5
7
4
8
6

3
7

10

Election-L1

Delegates

GPP

A1: 13

A2: 16

A3: 21

Q6: 10

Q1: 5
Q2: 7

Q4: 8

Q5: 6

Q3: 4

Q8: 7Q7: 3

Map-L2-A Map-L2-B

Map-L3

Map-L1

ALL: 50

B1: 16

B2: 24

B3: 10

Data cube operator(Generated implicitly) Map cube operator

Aggregate by  SUM:Delegates

Map cube View

Data cube View

Cartographic preference Thickness =1,
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Relational 
DB engine GIS

Cartographic
Visualization

n
2    tables, 2

n
maps,

SQL queries

n
2   group-by

n
2   map reclassify
queries on base map

Map-cube query

An album of maps showing aggregate
spatial/non-spatial data arranged as map-cube

K * 2
n

pair

tables with maps
Associate derived

1 per cuboid 1 per cuboid

LEGEND

< map, table>

K = no of maps per cuboid
n = no of Reclassify attributes

Decompose work 
across DB engine &
GIS engines
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<base-map name> <name>

<base-table name> <name>

<base-map name>Map Cube Base-map =

Base-table = <base-table name>

( Where < join attribute list>

( And < join attribute list>) * ) ?

Data cube dimension

Reclassify by <attribute list>

<attribute list>

Cartographic preference <carto attribute list>

Aggregate by 

( , <name> )*

<aggregate list>

<aggregate list>

<aggregate unit>

<aggregate func> SUM | MAXN | MINN | COUNT | MEDIAN   

<attribute list>

<carto attribute list>

<carto-attribute> 

<carto-attribute-value pair> 

Color | Thickness | Texture | Annotation | 

< carto-attribute > =  <carto-value>

(, <carto-attribute-value pair> )

Text | Symbol | Layout | Legend | Title |

*
<carto-attribute-value pair> 

<join attribute list> <name> <operator> <name>

<aggregate unit> (<operator> <aggregate unit>)?

<aggregate func>:<name>

<name>? | <name> ( , <name> )*

No-of-map-per-cuboid | Normalize

<operator>

<num> <digit>+ +( . <digit>  ) ? ( E ( + | - )? <digit> + ) ?

<name>

<letter> 

<digit> 

<letter> ( <letter> | <digit> | <symbol> )

<symbol> 

0 | 1 | 2 | 3 | 4 | .... | 9 

A | B | ... | Z | a | b | ... | z 

<carto-value> <name> | <num>

*

- | _ | , | . | : 
= | > | < | + | - | * | /

tv@HLDnRo)4D�B�AOqpd3$4PÍroN7'iDiD7�oJCts+oJiD7�u :%n$<=4_s+u%4%oN7�vEs+o

587�v"7�X�|�4BK w1n�wxvEo)7':�v1w�:�sGKFv"7'@�K67'K67B>'4%oN79L'4ys'C=�$2Ùq'q'q(u=4%s+u�FH4'Xlf�KD:;@zv"@H4BwZF�@��'4d· @�K�K$4B7�u{sGF�@�w|s+o�m�7'@�K?vc0v7+n8F¸2
7j:V4BK�w1n�wqvEo)7':�vd@�wqs'CtvM4BK}vM4BK�Q�vEs9Q�vSI�4BKFvg}W:;@zvS}6<�Fzs�:"�.w�@kK~w"@�h;4'Xc· @�K�K$4B7�u{sGF�@�wc:�sGK?v"7'@�K�w-�B�+��:V4BK�w1n wqvEoN7':�v1w
7'K85 m$7'@�KFvd0v7+n8F�2��'�AX

�c®�ì þ�ï=ñ�õ$ö�÷�±���±$²�³�´¸µG´�¶�³
���X�5�L� � ¾��BÀ[Å�¾��lÉEÀ
f�K=v"38@Xw�:;7+wM4_wEv1n�5$}'2.v"3$4%o"4�7�o"4�CtsDnRo�58@�i�4BK w"@zsGK�w�7'K85=sGK841i�4B7+w�nRo"4'Xipd3$41CtsDnRo�5�@�i�4BK�w"@�sGK�wc7�o"4-:�sDn8K?vS}
Fzs�:;7�v"@zsGKe2%79L'4�L+o�sDnRuT2_@kK8:�sGi�4-vg}?u=4�7'K85�oN7':V4�:;7�vM4;L+s+o"}'X&pd3$4�i�4B7+w1nRo)4\@�wyu<s+u)n8F�7�v"@zsGKeXTpd384PFzs�:;7�v"@zsGK
58@�iD4BK�w"@zsGKW@Xwd4Bi\<%4B5�5$4B5 @kK�v"3$4�iD7�uT2=7'K85�I�4"w"3RsDn8F�5 :�sGK�w"@�584%oyv"3$4/s+v"3$4%orv"3Ro"4;4j58@�i�4BK�w)@zsGK�wd@�K�v"3$4
u{sUI�4%oMQ7wM4%v�3�@H4%o)7�o):N3~}eÐLwM4;4Jtv@HLDnRo)4§�V�pÒNX�Y[4JKRsUI�u�o1sU>�@�5$4�7+584%v"7'@�FH4B5j4V�.u�F�7'K87�v"@zsGKjCts+oc4B7':N3658@�iD4BK�w"@zsGKeO

` .�L'4\Íro1sDn�uTOipd3$4%o"4-7�o"4_wM4;>'4BKWL+o1sDnRu w;2Rn8K�5$4%o��'��}'4B7�o#w;2_�'�/vEs6�r��}'4B7�o�w;2��'�/vEs��'��}'4B7�o#w;2$�~�/vEs
�r�6}'4B7�o�w;2%�'�@vEs~�r�D}'4B7�o�w;2{�'�"vEs
w?�D}'4B7�o#w;2=w9�j}'4B7�o17'K85�s?>'4%oB�

` f�K8:�sGi�4yvS}�u%4'O>pd384%o"4d7�o"4dK8@�K84TvS}�u%4BwB2~FH4Bw1w>v"3�7'K~�9�A2Ùq'q'q�2)�9�A2Ùq'q'q-vEs"�9�A2Ø�'�'�A2��A�;q�2Ùq'q'q/vEs/�A�V�$2Ø�'�'�A2
�A�B�A2Ùq'q'qQvEsQ�9�r�$2Ø�'�'�A2i�9�'�A2Ùq'q'q�vEsQ�9�r�$2Ø�'�'�A2��9�'�A2Ùq'q'q�vEsQ�?�~�A2Ø�'�'�A2��9�9q�2Ùq'q'q�vEsQ�'w?�$2Ø�'�'�A2i�'w9�A2Ùq'q'q
vEs}�9�'�A2Ø�'�'�A2��A�;q'q�2Ùq'q'q
s+oJi,s+o"4+�

�V�



`ba 7':V4�:;7�vM4;L+s+o"}_O&pd3$4%o)4�7�o"4"w"@R��:;7�vM4;L+s+oN@H4Bw;2�ÐEIJ3�@zvM4?ÒN2cÐE<�F�7':"�8ÒN2cÐÑ.�iD4%o)@�:;7'Kzf�K�58@�7'Ke2%o�wM��@�i@s$2<s+o
.1FH4BnRvNÒN2lÐÑ.�w"@k7'K�s+o�u�7':;@R^%:-@�w"F�7'K8584%o�ÒN2TÐts+v"3$4%o�Ò#�

NONE

AGE INCOME RACE

A,I R,A

A,I,R

I,R

0-Dimension

1-Dimension

2-Dimension

3-Dimension
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(a) The tabular view of the data (b) The cube view of the data
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: Meaningful in the spatial application

Lat-Long Lat-Alt

Space = < Latitude, Longitude, Altitude>

Latitude AltitudeLongitude

Long-Alt

Non-Spatial

Aggregate
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